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extinction and, later in 1995, published a proposed rule to list a Gulf of Maine Distinct Population Segment
(GOM DPS) of Atlantic salmon in seven Maine rivers as threatened (USFWS/MOAA, 1995b; 60 FR 50530,
September 29, 1995). In that proposed rule, the State of Maine was invited to prepare a plan to eliminate,

Technical Memorandum Introduction
minimize, and mitigate threats to Atlantic salmon and their habitat. On December 18, 1997, the

The build alternatives considered in the Wiscasset Route 1 Corridor Study have the potential to affect two
USFWS/NMFS withdrew the proposed rule to designate the Atlantic salmon as a GOM DPS as threatened

fish species on the federal list of Threatened and Endangered Species: (1) the Atlantic salmon, Salmo salar,
(62 FR 66325, December 18, 1997). The withdrawal was based on an evaluation of the information then

which is known to use some portions of the Sheepscot River for all its life history needs; and (2) the
shortnose sturgeon, Acipenser brevirostrum, which has been found in the Sheepscot River below the Davey
Bridge that carries a portion of Route 1 over the Sheepscot River.
Summary of Existing Knowledge
The U.S. Endangered Species Act (ESA) of 1973, as amended, provides protections for those species that are
listed as endangered or threatened under the act. The ESA grants the U.S. Fish and Wildlife Service (USFWS)
prime responsibility in administering the species designations and protections granted under the ESA. The
National Marine Fisheries Service (NMFS) was given oversight for marine species. Together, the USFWS and

known about the biological status of the species, as well as consideration of ongoing actions by
international, state, federal, and private entities, including the state’s Atlantic Salmon Conservation Plan for
Seven Maine Rivers (Conservation Plan) (MASTF, 1997).
In January 1999, the USFWS/NMFS received the State of Maine’s 1998 Annual Progress Report on
implementation of the Conservation Plan. After review of the annual report, public comments, and a 1999
Atlantic salmon status review (AASBRT, 1999), the USFWS/NMFS determined that the species' status
was more precarious than indicated by the available information at the time of their December 1997
determination not to list it.

the NMFS are referred to as the USFWS/NMFS. Endangered means that a species is in danger of extinction
throughout all or a significant portion of its range. Threatened means that a species is likely to become
endangered in the foreseeable future. Atlantic salmon, Salmo salar, and shortnose sturgeon, Acipenser
brevirostrum, are federally endangered and occur in the study area.

On November 17, 1999, the USFWS/NMFS proposed to list the Atlantic salmon GOM DPS, this time as an
endangered species. After review of public comments and consideration of the best available scientific and
commercial information and data, the USFWS/NMFS published a final rule on November 17, 2000, listing the
Atlantic salmon GOM DPS found in the Gulf of Maine from the Kennebec River, starting at the former Edwards

Atlantic Salmon

Dam easterly to the mouth of the St. Croix River, as an endangered species.

In response to a petition submitted in 1993 to list Atlantic salmon (Salmo salar) under the ESA, the USFWS
and the National Oceanic and Atmospheric Administration (NOAA)–Fisheries completed a review of the
species status in 1995 (USFWS/NOAA, 1995a). The USFWS/NMFS concluded that there was danger of

Informal consultations were undertaken with the USFWS/NMFS pursuant to Section 7 of the U.S. Endangered
Species Act and the USFWS Coordination Act. In its correspondence of April 20, 2000 (Log No. 00-0086), the
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USFWS indicated that a DPS of the Atlantic salmon (Salmo solar) was recently proposed as an endangered

depth of 42 feet. The mean tidal fluctuation in the Sheepscot River in Wiscasset is approximately 9.4 feet, and

species, and on November 17, 2000, the species was listed as federally endangered in the GOM DPS. The DPS

the spring tide range is 10.8 feet.

includes all naturally reproducing wild populations of Atlantic salmon found east and including the tributaries of
Salinities recorded biweekly in the Sheepscot River by the Maine Department of Marine Resources (MDMR)
the Kennebec River to the mouth of the St. Croix River.
during sampling periods from 1990 to 2001 generally ranged from 15 to 31 parts per thousand (ppt). A few
Informal consultation with the USFWS/NMFS was reinitiated on December 22, 2005, and return correspondence

readings at several locations within Cushman, Pottle, Hilton, Cod, and Polly Clark Coves and at the

indicated that no new species have been added since the initial consultation.

northernmost portion of the Sheepscot River in the study area ranged from 2 to 11 ppt (MDMR, 2001).

Atlantic Salmon in Maine are managed by The Maine Atlantic Salmon Commission (MASC), and the

The Sheepscot River supports several salmon spawning sites (i.e., redds) a year in the freshwater reaches of the

habitat mapped by that agency for salmon is used by both state and federal agencies. MASC stated in its

river. In the eight-year period between 1997 and 2004, the abundance of redds varied between 2 and 21 (Fay et

correspondence of April 5, 2000, that there are salmon migratory routes but no spawning or nursery

al., 2006). In 2004, eight salmon redds were found in the Sheepscot River. Using a correlation of salmon redds to

habitats in the study area. Atlantic salmon smolts emigrate from river systems in the spring, generally from

the abundance of spawning adults, it has been estimated that every year there are 14 adult salmon returning to

mid-April to early June. The migration window is typically four to six weeks. Adult salmon enter river

the Sheepscot River to spawn.

systems between May and October, although upstream migrations typically cease during the warmer summer
Young of the year (YOY) and parr sampling at 27 sites in the Sheepscot River in 2004 indicated a median
months. Migrations can commence during these warm summer periods when a cool rain creates a freshet.
density of 3.85 YOY per 100 square meters (about 0.02 acre) and 0.47 parr per 100 square meters.
Post-spawning salmon (i.e., kelts) return to the ocean in late October through ice-in or the following spring
from April to June inclusively.

Shortnose Sturgeon
The shortnose sturgeon (Acipenser brevirostrum) is federally endangered and is managed by the NMFS.

Salmon in the Sheepscot River
Sturgeon have not been recorded in the study area but the NMFS and the MDMR indicate that they have been
The Sheepscot River watershed, part of Maine's Central Coastal Basin, bisects the study area. Included in the
documented in nearby adjacent waters. It is likely that shortnose sturgeon are feeding in the study area. Parts of
Sheepscot River estuary is Wiscasset Harbor—the second deepest harbor in Maine—located 14 miles inland
the Kennebec and Back Rivers, river systems that are adjacent to the study area—specifically Pleasant Cove on
from the Gulf of Maine. South of the Route 1 Davey Bridge, Wiscasset Harbor has a depth of up to 65 feet, as
the Kennebec River — are known feeding areas for shortnose sturgeon adults. The species has been documented
indicated by the NOAA nautical chart. North of the Davey Bridge, the Sheepscot River reaches a maximum
in nearby Montsweag Bay. One shortnose sturgeon was found entrained in the intake of the
decommissioned Maine Yankee power plant on June 7, 1994.
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Shortnose sturgeon prefer different habitat types depending on their life stage, as follows:

Atlantic salmon would use the Sheepscot River in the study area for migration to freshwater spawning areas
upstream, and smolts would travel through it as they migrate out to sea. There is no nursery or spawning habitat

Feeding. Shallow water is the preferred feeding habitat and is found in the entire study area. The best available
in the study area. Shortnose sturgeon are likely using the area for feeding. Construction of bridge piers would
information suggests that shortnose sturgeon could be feeding in the study area in the summer months between
affect up to 17,000 square feet (0.4 acre) of potential feeding habitat of the approximately 1,000 acres mapped in
June 1 and September 15 (T. Squiers, 2006, personal communication). No net or capture studies have been done
the study area alone (Table 1). The attachment explains the rationale for this analysis.
in the study area. McCleave (1977, NOAA Technical Report NMFS 14) found that shortnose sturgeon captured
in Montsweag Bay were feeding on softshell clams (Mya arenarid); Mysid (Crangon septemspinosd); and

Table 1. Estimated Footprint of Piers by Alternative
Impacts by Construction Method

juvenile flounder. The substrate in the study area is soft, which is habitat used by these food species.
Alternative

Bridge

Superstructure/Span

No. of

Length (ft)

Length (ft)

Piers

(ft2)
Cofferdam &

Overwintering. Shortnose sturgeon prefer moderate salinity (i.e., 0 to 20 ppt) and deep waters for overwintering.

Drilled Shaft

Seal

Deep water is found south of the study area and Route 1 in the Barter's Island and Westport Island area, where the
No-build

0

0

0

0

0

Sheepscot River is similar morphologically to sections of the Kennebec River; shortnose sturgeon are known to
overwinter there. There are no published salinity data for that part of the Sheepscot River where a proposed bridge

N2/N8c

4,150

Trapezoidal
Box/Variable

17

17,000

1,700

would be located.

N2/N2h/N2f

1,600

Precast Bulb-T/150

12

12,000

1,200

2,200

Precast Bulb-T/150

14

14,000

1,400

700

Precast Bulb-T/150

3

3,000

N/A

-1 and -2

Nursery. Freshwater nursery habitat may exist upstream of the study area but it was not reported there (T. Squiers,
N2/N2h

personal communication, MDMR)

N2/N2a/N2h

Based on information available, no other federally listed or proposed species under the jurisdiction of the
USFWS or the NMFS are known to occur in the study area. There are no state-listed species in the study area.
Impacts
Impacts to salmon and sturgeon can occur by two means: permanent impacts due to a loss of habitat, and
temporary impacts due to disturbance during construction.
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Construction impacts were estimated for the Sheepscot River bridges. The number of piers has not been
estimated for the crossings of Polly Clark Stream or the inlet in Edgecomb; these would be determined during
final design. It is possible that bridge piers or pier cofferdams can be constructed during low-water situations or
that the waterways could be spanned.
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According to the NMFS, neither Atlantic salmon nor shortnose sturgeon are found in the study area between

levels for work using drilled shafts have not been calculated nor are potential decibel levels currently

November 9 and April 9. This period of 21 weeks would be the preferred work window for construction of the

documented in the literature. Turbidity would be generated using the drilled-shaft method. Work in the

bridges in the Sheepscot River because there would be no impact on the two fish species.

spring and summer could impact out-migrating salmon smolts, which are more sensitive to noise impacts.
Table 2 is a summary of impacts for the Sheepscot River crossings and construction method.

In general, the major consideration would be noise impacts during construction. Construction noise levels for
driving steel sheets would be more than 180 dB using pile hammers (Hastings and Popper, 2005) and possibly 10

Table 2. Estimated Construction Times

to 20 dB lower using vibratory driving (WSDOT, 2006). Fish are sensitive to the effects of intense sound waves.
Altern
ative

The extreme changes in pressure can be especially damaging to species that have swim bladders (e.g., salmonids)

Bridge
Length
(ft)

No. of
Piers

Time Needed to Construct
Cofferdam Pier

Time Needed To
Construct Drilled Shaft

Weeks

Weeks

and can cause severe injury or mortality, either instantaneously or over the course of a few days, in individuals
Nobuild

exposed for any length of time (NMFS, 2003). Such severe effects generally occur when sound intensity

N2/N8c

exceeds 190 dB. Nonfatal injuries, such as permanent hearing damage and stress, frequently occur when levels

N2/N2h
/N2f-1
and -2
N2/N2h

exceed 180 dB. Behavioral modification, such as avoidance and startle responses, is often observed in some
species of fish when sound levels exceed 150 dB at a frequency above their hearing threshold. These are general

N2/N2a
/N2h

thresholds for all fish but, because of differences in the hearing mechanism, some species are more sensitive than

Number
of Piers
at a
Time*

Estimat
ed Total
Weeks

Number
of Piers
at a
Time*

Estimat
ed Total
Weeks

0

0

0

0

0

0

0

0

4,150

17

8

4-5

32 to 40

10

3–4

40 to 60

1,600

12

6

3-4

18 to 24

10

3–4

30 to 40

2,200

14

6

3-4

24 to 30

10

3–4

40 to 50

700

3

6

3-4

6

Not
recomm
ended

Not
recomm
ended

Not
recomm
ended

others to moderately intense noise levels (i.e., less than 180 dB).
•

Assuming construction occurs within the 21-week work window, driving sheet piles for cofferdams would

The No-build Alternative would not impact Atlantic salmon or shortnose sturgeon because in-water work is not

not be problematic. The drilled-shaft method was used in the lower Kennebec River in Bath; this method

needed.

generally has a lower but more constant noise level and has a longer construction time frame. Noise
mitigation strategies such as bubble curtains should be considered during bridge design.
•

construction would involve cofferdam installation. The impacts on Atlantic salmon could result from noise or

Noise levels for driving steel sheets would be more than 180 dB using pile hammers and possibly 10 to

turbidity disrupting migration throughout the study area. Impacts to shortnose sturgeon could result from noise or

20 dB lower using vibratory driving. Even with vibratory hammers, some driving is needed to test for pile

minor impacts to their feeding habitat or migration activities. Map 1 shows the location of the build alternatives.

refusal of the substrate. Use of bubble-curtain technology could lower sound levels by 6 dB. The decibel
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The build alternatives would have the potential to affect both endangered species because bridge
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Alternative N2/N8c would potentially affect both endangered species. Alternative N2/N8c crosses the Sheepscot

Cofferdam Piers: The containment for the pier work for the bridge would take approximately 18 to 24

River on a 4,150-foot-long bridge that would take the most time to build. This alternative could involve using a

weeks to construct. It is expected that this work would occur during one work window and that the

trapezoidal-box bridge similar to the Sagadahoc Crossing Bridge between Bath and Woolwich.

contractor could amend construction-worker schedules and bring in more equipment. Driving cofferdams
would potentially impact about 12,000 square feet of hard and soft substrate.

Cofferdam Piers: The containment for the pier work of the bridge would take approximately 32 to 42 weeks to
construct and would require that the work be done during two 21-week work windows. Construction schedules

Drilled Shaft: The drilled-shaft method would take 30 to 40 weeks to construct and would require that the

would be determined by the contractor. Construction options include using more equipment or extending staff

work be done during two 21-week work windows. Construction schedules would be determined by the

work hours to accommodate pier construction within one work window. Another option would entail

contractor. Construction options may include using more equipment or extending staff work hours to

constructing the subtidal pier cofferdams during the work window and the intertidal pier cofferdams during low

accommodate pier construction within one work window. Another option would entail constructing the

water outside the work window. Driving cofferdams would impact about 17,000 square feet of hard and soft

subtidal pier cofferdams during the work window and the intertidal pier cofferdams during low water

substrate.

outside the work window. This would potentially impact about 1,200 square feet of hard and soft substrate.

Drilled Shaft: The drilled-shaft method would take 40 to 60 weeks to construct and would require that the work

Alternative N2/N2h would cross the Sheepscot River on a 2,200-foot-long bridge.

be done during several 21-week work windows. Construction schedules would be determined by the contractor.
Cofferdam Piers: The containment for the pier work for the bridge would take approximately 20 to 30 weeks to
Construction options include using more
construct. It is expected that this work could occur during one 21-week work window if the contractor amends the
equipment or extending staff work hours to accommodate pier construction within one work window.

construction-worker schedules and brings in more equipment. Driving cofferdams would impact about 14,000

Another option would entail constructing the subtidal pier cofferdams during the work window and the

square feet of hard and soft substrate.

intertidal pier cofferdams during low water outside the work window. Driving cofferdams would impact
Drilled Shaft: The drilled-shaft method would take 40 to 50 weeks to construct and would require that the work
about 17,000 square feet of hard and soft substrate.
be done during several 21-week work windows. Construction schedules would be determined by the contractor.
Alternatives N2/N2h/N2f-l and N2/N2h/N2f-2 would cross the Sheepscot River on a 1,600-foot-long

Construction options include using more equipment or extending staff work hours to accommodate pier

bridge and would impact both endangered species.

construction in less time. Another option would entail constructing the subtidal pier cofferdams during the work
window and the intertidal pier cofferdams during low water outside the work window. This would potentially
impact 1,400 square feet of hard and soft substrate.
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Alternative N2/N2a/N2h has a 700-foot-long bridge, which is the shortest bridge span over the Sheepscot River.

one 21-week window. The other build alternatives would require multiple work windows (see attachment).
Other methods, such as work schedules, construction during low tide, and new noise-abatement technologies,

Cofferdam Piers: Containment for the pier work on the bridge would take approximately 6 weeks to construct.
have not been evaluated.
This work could be done within one work window. Driving cofferdams would impact about 3,000 square feet of
hard and soft substrate.

References
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(Oncorhynchus gorbuscha) and Chum (O. ketd) salmon behavior and distribution. FRI-UW-9603.
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Mitigation
Work within the 21-week period when fish are not present in the Sheepscot River would mitigate construction

Hastings, M. C., and A. N. Popper. 2005. Effects of sound on fish. Subconsultants for the California Department
of Transportation.

impacts. Pier cofferdams can be installed in the intertidal zone during periods when there is no water in the work

Maine Atlantic Salmon Task Force. 1997. Atlantic salmon conservation plan for seven Maine rivers.

area. During construction, bubble curtain or other noise- or sedimentation-reduction measures can be used if

McCleave, J. D., S. M. Fried, and A.K. Towt. 1977. Daily movements of shortnose sturgeon, Acipenser
brevirostrum, in a Maine estuary, as referenced in Dadswell, M. J., et al. NOAA Technical Report NMFS
14, Synopsis of Biological Data on Shortnose Sturgeon Acipenser brevirostrum LeSuere. 1818 pages.

work is conducted outside the work window. Turbidity can be monitored and sedimentation reduced when total
suspended solids (TSS) exceed thresholds. According to the NMFS (J. Murphy, NMFS, 2003, personal
communication), an increase of 50 milligrams per liter of TSS above the background levels of turbidity has been
widely accepted as a threshold for salmonid species.
Summary
The build alternatives would include work in waterways. The conceptual level of design makes it difficult to
accurately predict construction methods or how many piers can be constructed at the same time. It is estimated
that Alternatives N2/N2h/N2f-l, N2/N2h/N2f -2, and N2/N2h/N2a can be built by the cofferdam method within
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INTER OFFICE MEMORANDUM
TO:

ED HANSCOM

FROM:

JEFF TWEEDIE AND NATE BENOIT

SUBJECT:

WISCASSET BYPASS (7991.00), BRIDGE STRUCTURE EVALUATION

DATE:

MARCH 27, 2006

AMENDED: MAY 17, 2006
CC:

WAYNE FRANKHAUSER, RICHARD BOSTWICK, MIKE CLARK, ALLAN HAGAN, MARIA DROZD,
DAVE GARDNER, MATT STEELE

We have completed an examination of the possible structure types for the Wiscasset bypass project. The results
of our examination recommend unit costs, potential wetland impacts for the bridges associated with each
alignment, and duration of in-stream work.
The current unit bridge costs for large projects is as follows.
• The unit bridge cost over water = $225 per square foot of deck
• The unit bridge cost over land = $200 per square foot of deck
Note: These unit costs are slightly higher than the $180 per square foot cost used in your original estimate.
The profile of the bridge is important for constructability and longevity of the structure. Most of the profiles
you provided would have to be adjusted to meet current practice. The vertical grade should either be a constant
grade of 1% minimum for drainage (0.5% is the minimum grade if 1% is not achievable) or a vertical crest
curve. A sag curve on the bridge should be avoided.
For in-water impacts the size of a conventional foundation constructed using cofferdam and seal techniques is
estimated to be 1000 ft2 per pier. For drilled shaft foundation the impacts are estimated at 100 ft2 per pier. It
should be noted that the construction method used for drilled shafts is preferred by the Maine DEP, this should
be confirmed by Mike Clark of the environment office.
The number of piers would vary based on the bridge length and substructure to superstructure costs. For
foundation construction, Department history shows that drilled shafts are more expensive than a foundation
constructed using a cofferdam and seal. However, due to the repetitive nature of drilled shaft construction, and
the overall scale of the project, any cost differences are estimated to be small. As a result, an adjustment increase
of 5% to the unit costs above is recommended when constructing drilled shaft foundations, as follows:
Bridge unit costs with all drilled shaft foundations
• The unit bridge cost over water = $235 per square foot of deck
• The unit bridge cost over land = $210 per square foot of deck

It should be noted that for the 625-ft structure located on alignment N2/N2a/N2h that the unit cost with
drilled shaft foundations would probably be higher than shown above, and is not recommended for planning
purposes.
The number of bridge piers for the 4600-ft bridge is 17 piers. This was based on the assumption that the bridge
would be constructed with the same span arrangement as the Sagadahoc Bridge (variable spans with maximum
span of 420’). It is noted that longer structures are more difficult to maintain, specifically with regard to new
wearing surfaces and decks required during the anticipated 100 year design life. There may be other prohibitive
maintenance issues with this alternative, and consultation with Allan Hagan in the bridge maintenance office is
recommended.
The number of piers for the bridges 2200 to 625 ft in length could vary greatly based on the choice of bridge
style. One option is to use precast concrete bulb-T girders that span up to 150 ft. Alternately, these shorter
structures could be constructed using a trapezoidal box superstructure, span length up to 600 ft. The following
table was developed considering the worst case situation with regard to the number of piers, and superstructure
type.

Alignment

Bridge
Length (ft)

N8c

4600

N2/N2f/2
N2/N2h
N2/N2a/N2h

2200
1875
625

Superstructure/span
length (ft)
Trapezoidal box/
variable
Precast bulb-T/150
Precast bulb-T/150
Precast bulb-T/150

No. of
Piers

Impacts from Construction
Method (ft2)
Cofferdam &
Drilled
seal
shaft

17

17000

1700

14
12
3

14000
12000
3000

1400
1200
N/A

For the cofferdam and seal construction method the duration to construct one foundation on the N8c
alignment is estimated at eighth weeks, with four to five foundations being constructed simultaneously. For the
other alignments, where precast bulb-T girders may be used, the time to construct one foundation using
cofferdam and seal construction methods is estimated at six weeks, with three to four foundations being
constructed simultaneously. For the drilled shaft alternative it is estimated that it would take ten weeks to
construct each foundation, regardless of alignment (excluding N2/N2a/N2h), with three to four foundations
being constructed simultaneously. It should be noted that for each construction method the duration of
construction is highly dependent on several factors, including accessibility, the depth to a suitable foundation
material, and the nature of the overburden material.
The recommendations discussed herein are for planning purposes only, and are based on limited information.
Actual designs and construction methods may differ substantially from what is discussed. If you have any
questions, please contact us.

